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LENS DYEING METHOD AND APPARATUS " ' k 

This invention relates to an apparatti^SriciiS^^cess for. 
tinting plastic material and more specifically, for tinting 
polycarbonate and other plastic eyeglass lenses. 
5 Presently, eyeglass lenses are made „from either glass 

or plastic. Plastic lenses have advantages over glass in 
that they are lighter and can be easily tinted"by an optical 
laboratory using procedures well known ''in the art* The 
advent of the: development of clear plastic materials such 

10 plexiglass offered the manufacttare and use of light weight- 
eyeglass lenses. The main ! disadvantage ^as that of 
scratching of the surface of the l^hs rendering them 
opaque. / - \. 

PPG has marketed CR-39 (diethylaneHV glycol bis(allyl 

15 carbonate) monomer for over a decade for, the manufacture of 
plastic eyeglass lenses. CR-39 exhibits the best abrasion 
resistance and hardness of all plastics considered for tisf_, 
in eyeglass lenses. The impact resistance is qarefuldy 
controlled to pass FDA impact specifications. Improvements 

20 have been made in coramerciai- lenses with'' the addition of 
hard abrasion resistant coatings. Silicone (silica/silane) 
heat cured coatings and acrylic est(^ ultraviolet light 
cured coatings are used. Hard;' coats are preferred on the 
front surface of the lens but are often not used on the back 

25 surface of a prescription lens. The CR-39 surface also 
tints with relative ease using disperse dyes prepared, 
especially for this use at moderate temperatures. The^ 
extremely hard • coatings however have much less affinity for' 
tint. 

30 Polycarbonate (a thermoplastic) supplied by General 

Electric (LexanTM) and others has the unique advantage of 
high refractive index which allows for the use of thinner 
lenses, lighter lenses. Optical lenses made from this 
material are more comfortable in that there is less strain 

35 due to the weight of the lenses on a wearer's nose and 
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ears. It is also much more resistant to yimpadt \and is 
truly a shatterproof . safety lens. It ' is h«^^er ^ soft 
that it cannot be used, without a hard coatii^^^ i^tlr the 
front and back stirfaces. An additional reason for coating 
5 polycarbonate lenses is that the polycarbonate surface will 
not absorb the same tints that are used coimercially for 
the higher volume CR-39 lenses. 

More recently many other high refractive index 
thermoplastic and thermoset lens have appeared in the 
10 marketplace. Although many are currently recommended for 
use without hard coatings most are softer than uncoated CR- 
39 - and additional use will dictate the use - of hard 
coatings. 

The lens manufacturer generally produces- plastic lens 
15 blanks with a finished front surface as%deacribed above. 
An optical laboratory: then shapes, fines and' polishes the 
prescription into the rear surface. in the case of the 
softer lenses a hard coating is then apt)lied. The coating 
selected may be very hard and abrasion resistant 'if a cl^ar> ; 
lens or only a fashion tint is desired. in general a less 
abrasion resistant specially ...formulated material is 
required as a coating if a sunglass depth of tint is 
desired. The lens is generally edged after coating and 
then tinted to the desired color and depfh of tint. The 
25 tinting operation is the most time consuming operation in 
an optical laboratory. , 

Beatable tanks used in the plastics dyeing process are 
well known. A conventional heatable dyeing tank includes 
heating elements positioned in the bottom of an outer tank. 
30 Such elements are in contact with a heat transfer, media, 
into which the dyeing ]tanks are placed. ; The tank is heated 
by conduction of the; heat transferred from the heating 
elements to the tank; via a heat transfer media such as 
silicone or polyethylene glycol, and then to the outer 
35 surfaces of the tanks..- ' 

To use the tank, a holder containihg lens material to 
be dyed is positioned into the dyeing tank. The commonly 
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used methods and apparatus for dyeing len~s xnaterial use a 
dyeing tank whose heater output can be set at: ^variety of~ 
temperatures. -1" 

The general directions for using tiriteM!iM66jnin.end using 
5 a temperature range of 190 to • 205 diag." P. The available 
apparatus however will not control to such tight 
tolerances. Current tints boil at approximately the same 
temperature as water 212 deg. F. Covers are supplied with 
the apparatus to slow the evapojration of water when tinting 

10 is not being t)erformed. ' ; 

Because of the nature of the heating mechanism - of 
current equipmient the operator must choose whether to use 
the covers or not. If the operator chooses to use covers 
then the heat transfer fluid must be close to 212 deg. P. 

15 to prevent boil over. When the coy^Jte are removed to allow 
placement of a lens ;Ln the ba«i theBfeeflTperatufe will drop 
quickly (20 minutes) to about 170 to 175 deg. P. At this, 
low a temperature tinting of the harder lenses and coatings 
essentially ceases. If one operates the heat transTf^^^. 

20 fluid at about 238 deg. .F, a bath temperature o£,:l94 D^^. 
p. can be maintained with the covers off. Evaporation of 
water is severe. If the covers are pliiced on ttie tint 
tanks a boiloVer will occur in 7 minutes. 

Additionally, the evaporative 1<^ of water from the 

25 open dyeing tanks requires the manual addition of fill 
water to the dyeing tanks by the operator. - Maintenance o^. 
an improper ilevel of dye solution' due to irregular or 
infrequent water replenishment by thw operator may also 
affect the bath temperature, time and efficiency of the 

30 lens dyeing process. 

Under current methodology, CR-39 plastic lenses are 
tinted by the following procedure. After finishing, the 
lenses are dipped in a dye solution. T^e duration of time 
the lens is submerged in the dye solution determines the 

35 degree to which the lens is tinted. If harder surfaced 
lenses are required, some optical laboratories coat' the 
lens to provide greater scratch resistance. The coating is 
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then the surface that 'absorbs the tint. All pf - the bptical 
laboratories, as well as many retail out:lets, fc^ se4.up to 
perform the above-described tinting procedure. ^^^f.*-^^-;. 

Many conventional dye stuffs can be - used for the 
5 purpose of this invention. Many "disperse dyes" and 
mixtures thereof have been found satisfactory. Disperse 
dyes are actually very fine particles of the chemical 
color. The color is then absorbed from these "particles. 
Examples of such disperse dyes include Disperse Blue #3, 
Disperse Blue #14, Disperse Yellow #3, Disperse Red #13 and 
Disperse Red #17. Thei classification, and designation of the 
dyes recited in this specification are based on "The Color 
Index," 3rd edition, published jointly, by -the Society of 
Dyes and Colors and ithe American Association of Textile 
,15 Chemists and Colorists (1971). Chemical %e^ities of the 
above-mentioned dy^ sl^uffs can. be foiihd in that 
publication. Dye stuJ^fs can generally, be used either as a 
sole dye constituent br as a component .. of ..a dye mixture 
depending upon the color desired. >■ 
20 A typical dye concentration in . the bath is 2% by 

weight, but there is a considerable ^ latitude in this 
regard. Generally, dyes may be present in the water 
dispersion at a level of about 0.2 to 15%, preferably 1 to 
. 4%, based on the total weight of dye solution. Where a dye 
25 mixture is used and the rates of consumption of the 
individual dyes are different, dye compon^ts will have to 
be added by immersing the lens in the coloar- that has been 
depleted. The tints kre normally discarded after about a 
week of use. 



Additionally, commercially available dyes are 
presently mixed with distilled water. These dye 
dispersions, therefore, have a boiling point of 212 T (or 
100-C). AS is well l^oym in the art, a lO'C increase in 
dye temperature at this level produces a substantial 
increase in dye affinity to the lens material, but the 
present limiting factor is the boiling point of the 
solution comprised of distilled water,. ! combined with the 
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-5- ^7 
presently available commercial plastic dyes/ _ { 

The conventional dyes are formulated tA initially 

disperse evenly throughout a dyeing sol^^^ji, %ut as the 

dye solxition gits within the dyeing tank/ 'TOfe-^^ of 

5 dye pigment typically begins 1:o settle oul: and collect on 

the bottom df the dyeing tank. This settling out of the 

dye particles, in conjunction with the elevated temperature 

of the bottom of the dyeing tank, produces a. coagulation or 

charring of the dye particles, thereby reducing the 

10 effectiveness of the dye and requiring early replacement of 

the dye or tint.: ^ 

Summary of the Invention 

The method and the dye bath composition of this 

invention are particularly useful for dyeing CR-39 lenses 

15 and softer plastic lenses that have., been coated with a 

variety of hard, abrasion resistant coa^iii^s. 

An apparatus and method for dyeing plastic eyeglass 

lens material is described herein. The apparatus includes 

a thermally conductive dyeing tank which has in close. 

20 contact* to it an electrical heating element, preferably 

comprised of; a silicon wrapped nichrome wire, which 

maintains the temperature of a dye solution within the 

dyeing tank to within a preselected tolerance. The 

temperature of the dye solution monitored by a 

25 temperature sensor, connected to a heater control which is: 

responsive to the input of the sensor.. ' The' heater control 

adjusts the electrical current :supplled to . the heater to 

maintain a preselected temperature within a preselected 

tolerance. Additionally, the dyeing tank has associated 

30 with it a stirring device, preferably comprising a magnetic 

stirrer and its associated shield, along with an apparatus 

that maintains a preselected level of dye solution 

automatically within the dyeing tank. Both the stirrer and 

the apparatus for maintaining the preselected dye solution- 

35 level enhance consistent heating and dispersion of the dye 

particles. 

The present invention uses a unique, elevated boiling 
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point dye solution yhich allows for dyeing; of tlL lens 

materials at rates an.d times faster than witfe^mme5:ially 
available dyes. ' " ' ^^..J 

The method associated with this apparatus comprises 
5 the use of a dye solution which is composed to elevate its 
boiling point to produce a more rapid a^nd efficient dyeing 
of the lens material. 

The dye solution is used in conjunction' vith the 
dyeing tank which provides heat input to the dye solution 
10 to maintain it at a preselected temperature within a 
predetermined tolerance. The heat input is provided by a 
heater directly attached to the dye tank which, in 
conjunction with a temperature sensor contained within the 
dye solution. j 

'^^^ present invention alleviat^.*5the lag in 
temperature control o^ the dyeing solution iipfmally caused 
by opening the tank li|d or placing cold lenses in the tank. 
This is accomplished ;|by having the heater element firmly 
affixed to the dye tank itself, allowing instantaneous 
compensation of temperature through the direct proximity of 

the heating elements to the dye tank .and dy^ solution. 

Also, temperature sensing and controlling means are 
provided to allow the maintenance of a prejdetermined dye 
solution temperature: within a select tolerance. in 
25 addition, an automatic water fill apparatus- is -associated 
with the dyeing tank to maintain the dye level without 
operator intervention. ^ . 

The present invention describes a stirrer and stirring 
apparatus for agitating and dispersing the dye pigment 
30 throughout the dye solution as to alleviate any charring or 
settling out of the dye particles within the dyeing tank. 

Descript ion of the Drawn T^ gg 

Figure 1 is a perspective view of the lens dyeing 
apparatus. 

35 Figure 2 is an exploded perspective view of the lens " 

dyeing apparatus. 

Figure 3 is a rotated perspective view of the lid of 
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the tank depicted in Figure 2. — - . - 

Figure :4 is a cut-out . view of v ; the "• l^ns dyeing 
apparatus, depicting only the elec^^^al ^otor and 
connected magnetic stirrers. ^w^^T-^'^f^h... 
5 Figure 5 is an enlarged, frontal, ' sectional view of 

the dyeing tank and its associated lid. 

Figiare 6 is an elevation^l/ sectional, side view of 
the lens dyeing apparatus taken along line 6-6 of iPig. i, 
depicting one of the dyeing tanks. 

iO Figure 7 is a frontal , sectional view of the lens 

dyeing apparatus taken along line 7-7 of Fig, 1, depicting 
the dyeing tanks. 

Figure 8 is a perspective view of the protective cover 
for the steering magnet. 

15 Detailed Description of ttffe Invention 

and of the Preferred Emt^iment 
The plastic material to be dyed, in accordance with 
the method and apparatus of the invention, may be used for 
a variety of purposes. Preferably the plastic materiaJL, 

20 will be eyegiass lens material to be used 'for sunglasses 
Such .plastics used with the aforementioned methods and 
apparatus are plastics including cellulosic plastics, 
polycarbonate-rtype plastics, pblyacrylic plastics, epoxy 
plastics, polyvinyl chloride-type plf sties, polystyrene-; 

25 type plastics and polyester-type plastics* Most 
preferably, polycarbonate-type plastics- such as diethylene 
glycol bisallyl carbonate (CR-'as) , thermoplastic 
polycarbonates and the newer, high refractive index 
plastics may be used with the instant invention. 

30 A 'commercially available dye solution may be used with 

the aforementioned method and apparatus. Preferably, the^ 
dye solution will also include between 1 and 50% of a 
polyhydric alcohol, most preferably 20%. The polyhydric 
alcohol may comprise alcohol such as diethylene glycol, 

35 triethylene glycol, glycerine or sorbitol, which are. 
obtained by the addition of 1 to 5 ethylene oxides to- 'the 
individual hydroxy 1 groups, and are possessed of ethylene 
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oxide chains having a molecular weight of ^jcK) to 12,000. 
Preferably, the polyhy^ric alcohol used will bl^^ce^ne; 

The addition of the polyhydric aicohol^^f ^ dye 
solution provides an elevated boiling point for the dyeing 
5 solution, thereby increasing the temperature of dyeing. 
Preferably, the dyeing solution will have a boiling point 
between 212 'F and 23 0 'F. The I composition and 
characteristic? of the dye solution used in conjunction 
with the methods and apparatus of the invention are 
10 important in providing optimal and timely dyeing of the 
lens material. Generally, the dyeing solution should have 
a boiling point elevated above that of water, and- the dye 
composition should thereby have an increased affinity for 
the lens material. / -i^ 

15 The precise maintenance and control o%r«tB'^ temperattare 

of the dyeing solutiori within the dyeing tank in 
conjunction with the modified dye solution is important in 
providing optimal and timely lens dyeijig.. The temperature 
of the dyeing solutior^ of this invention may be -cOTtroll^d. 
i20 using a temperature controller which accepts thermistor pr 
th^nnocouple sensor input from within the dye bat*. 

Such a temperature controller may comprise an on/off 
cycling control over the, power input to i the, heater source, 
. . . with . the ,on cycle being used more; frequently under 
25 conditions, where additional heating .is -required. 
Preferably, the temperature controller will cpmprise a 
proportional band controller which will ^proportionately 
increase power input to the heater device in proportion to 
the amotmt of temperature increase or decrease of the dye 
30 solution itself. such a proportional band temperature 
controller may be . obtained . from Watlow Winona, Inc., Model 
No. 201. Most preferably, the temperature controller will 
have associated with heating means to precisely hold the 
dye solution temperature at a predetermined temperature 
35 figiure. Additionally, the temperature controller may hold ■ 
J the temperature wiithin a predetermined tolerance, 
preferably, a toleranc^ of ± 1.5' P, and most preferably a 
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tolerance of ± 0 . 5 ' F . " " v 

Figures 1 and 2 depict an apparatu's 2 f 62% the dyeing 
of lens material. The apparatus 2 has a^^^^latea with it a 
number of dyieing tanks, preferably between 1-^12" tanks, and 
5 most preferably between 2-8 tanks. The apparatus comprises 
two tanks 4, each of which is fitted into an opening 6 
within the top of the support frame 8 of the apparatus 2, 
such tanks 4 depicted as covered with their -associated lids 
12. Fig. 3 depicts such an associated lid 12. Such lids 

10 12 may be produced of a plastic or metal substance; 
preferably a metal substance such ^as stainless steel, ^and 
may be of a tent-like configuration as to allow for reflux 
of boiling dyeing solution, the dyeing solution condensing 
on the inner surfaces of the top of the lid 12, -and 

15 refluxing back into the dyeing tank 4^ 

The apparatus 2 ^ also has associa^^S^ with it a variety 
of controls and gauges 14 which monitor a variety of 
functions of the apparatus. These controls and gauges may 
comprise on-off switches, indicator' lights, stirring sjDeed- 

20 controls, temperature gauges, ai>d heater power indicators. 

The out^r walls 16 and support frame 8 of the dyeing 
apparatus 2 may be constructed of plastic or stainles^ 
steel, preferably stainless steel, and most preferably a 
corrosion-resistant, temperature resiJS:ant stainless steel 

25 surrounding the top, bottom and sides of the apparatus. 

Attached to the support frame 8: is a hinged cover 18, 
which provides access to a water reservoir tank 22 • Such a 
tank 22 may have associated -.witlT it electronic or 
mechanical means of sensing the dye solution level within 

30 the dyeing tanks in conjunction with means for replenishing 
the water supply when the dye solution level is depleted to 
a predetermined level through water evaporation. 
Preferably, the water reservoir tank 22 -J.S constructed of a 
plastic material, such tank 22 having an air-tight opening 

35 24 into which water can be; placed to replenish the 
reservoir 22 water level. 

Attached to the water reservoir tank 22 are one or 
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more conduits 26 which are in fluid coininunic|tipn with the 
dye solution contained within the dyeing tai^^ wlln the 
solution is at a predetermined, operational'^^Jii^^thin 
the dyeing tanks 4, fand provide the c^ly outside opening 
5 for air or water exchange within the water reservoir tank 
22 or associated conduits 26. 

In the event that the dye solution level within the 
•tank 4 falls below the predetermined,; operational level, 
the open end 28 of the conduit 26 will no longer be in 
10 fluid communication. with the dye solutipn, but a layer of 
air will lie between the open end 28 of the conduit 26 and 
the- dye solution. The air layer will permit bubbles to 
travel up the conduit 26 to the tank 22 to displace water 
contained within the tank 22 by air, Wriby releasing 
15 water from the open J end , 28 of the conltif^26 into the 
dyeing tank 4. This ; process repeats itself until the end 
of the conduit 26 is again immersed in the dye solution. 

On the upper suirface of a platform 29 of tbe support 
frame 8 is located the dyeing tank 4. The tank 4 maybe 
20 rectangular and is preferably made of materials ( e.g. . 
stainless steel, porfrelain, sintered A12 03) , \ or similar 
heat resistant materials that can withstand temperatures 
greater than the maximum, output of, the temperature control 
system. 

25 As shown in Figs. 5 and 6, the heating coils 32 are 

wrapped directly around the dyeing tank 4. The coils. 32 
are preferably made of nichrome (chromium-nickel) wire, but 
other electrical resistance materials capable of attaining 
high temperatures can be used. These nichrome coils are 
preferably affixed in proximity to each other, and to the 
dyeing tank via a silicone coating 34. 

The coils 32 of the present invention preferably allow 
maximal heat transfer from the heating coils 32 to the dye 
solution. Additionally, since the coils 32 are. preferably 
arranged to produce an even heat distribution over the " 
entire outer surface; of the dyeing tank 4, localized 
overheating may be minimized, thereby allowing ■ accurate 
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temperature control of the dye solution. . j . 

The silicone-coated nichroine coils ^ pan 1^ obtained 



as pad heaters from Watlow Winona, Inc. Mllfe cojils 32 are 
rated at 300-500 watts for 120 volt operation for 
5 sized tanks. A preferred wattage for the coils 32 has been 
found to be 350-450 watts, such wattage allowing 
satisfactory results for dye temperature control in the 
present invention. The leads 36 may enter tiie base end of 
the tanX and are connected by a coupling 38 . to the 
10 temperature control circuitry 54 in Fig. 6. 

Referring to Figure 4, the support frame 8 provides a 
platfoirm 44 for a magnetic stirrer 46. An adjustable speed 
electric motor 48 and vertical shaft 52 may be positioned 
below the temperature controller 54 and affixed to the back 
15 wall 56 of the support frame 8;. ' A%ixed to 1;he vertical 
Shaft 52 is a pulley 58 connected to a drive belt 62 which 
connects with two other pulleys 64. Magnets 66 are affixed 
to the top of the pulleys 64. Tlie magnets 66 may be mounted 
perpendicularly to the pulleys 6|, "such that rotation of ^the|- 
20 shaft 52 by the motor 48 causes the pulley 64 attached, 
magnets 66 to spin in a plane parallel to the tank bottom 

68. " ' ^ 

Referring to Figures 6 and 7, the leads 36 of the 
heating coils 32 are electrically^ connected to the 

25 temperature controller 54 located beneath the water 
reservoir 22. Thus, the electrical connections are 
protected from mechanical and thermal effects present above 
the tank 4. Heat insulating material 72 may surround the 
tanks 4. The insulation 72 is preferably resistant to 

30 moisture and heat, and also serves to reflect heat 
emanating outwardly from the coils 3 2 back towards the 
dyeing tank 4. The insulation 72 also protects the 
motorized magnets 66 from heat produced by the coils 32. 

A lid 12 is supplied to cover the top 74 of the tank 

35 4. The lid 12 is preferably comprised of stainless steel 
and most preferably of a tent sh,ape. An opening 76 may be 
provided in the corner of the lid 12, as shown in Fig. 3, •* 
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to allow the water conduit 26 to extend into " the Weing 
tanlc 4. The tank 4 is additionally insulatfiW tfe lid 
12. The lid 12 may additionally keep hea#te^-the. 
dyeing tank 4 and inci^ease the safety of the apparatus 2 by 
5 providing protection from boil-over. 

Fig. 5 represents) a preferred confiWation of the lid 
12 and dyeing tank 4 which allows the refluxing of the dye 
solution as. it condenUs on the inner portions of the lid 
12 and refluxes as dx^oplets down into ;the dyeing tank 4. 
This cross-sectional view also depicts ip detail the close 
association of the silicone coated nichrome wires 34 on 
outside of the dyeing tank 4, along with the placeinent and 
configuration of the edges 82 of the lid 12 with respect to 
the outer rim 84 of the dyeing tank 4,. %:h placement and 
configuration preventing reflux outside o#tifi' dyeing tank 
4, and conserving the . dye solution by! reducing its 
evaporation into the etivironment. 

Referring to Fi^es 6 and 7, the apparatus has 
associated with it a temperature sensor 86, preferably 
comprising a thermist;or probe.^ Such sensor . 86 may be 
directly associated with the inner wall 88 of ;the dyeing 
tank 4, or hang inside^ the dyeing tank 4. The sensor 86 is 
connected to the tempe^ture controller 54 ^ an associated 
lead 92 from the outside of the dyeing tank 4. Preferably, 
the dye solution temperature sensor 86 has" a Relatively 
short time constant^ to provide optifcal sensing of 
temperature changes within the dyeing tan)c 4." 

Figures 6 and 7 also depict the operational mode of 
the apparatus. a stirring bar 94, of appropriate size to 
allow for optimal heating and dye mixing, is placed within 
the tank 4. The stirring bar 94 is generally cylindrical, 
made of steel and has a coating of vitreoj;s carbon or 
polytetrafluoroethylene. A protective cover 96 is then 
placed into the dyeingr tank 4, on top of the stirring bar 
94, allowing sufficient clearance and porosity as to allow ■ 
the stirring bar 94 to function in its desired manner. The 
lid 12 is placed over the dyeing tank 4 with the outer rim 
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84 of the tank 4 extending above and over the ^dge of the 

support frame 8. The electric motor 48Vis, then energized 

to rotate the permanent magnets 66 which K^urn^results in 

rotation of its magnetic field* The rota:txng^ f i%id' c 

5 the stirring bar 94 contained within tank to spin, 

resulting in the contents of the; tank 4 being stirred* 

Figure 8 depicts a protective cover" 96 for placement 

over the magnetic stirrer 94 within the- dye -tank apparatus 

2* The cover 96 may be constructed such that it fits 

10 snugly down into the tapered bottom 98 of the dyeing tank 
9, yet stops at a point as to provide clearance for the 
magnetic stirrer 94. The protective cover 96 may be 
comprised of a variety of materials such as plastic or 
metal, preferably a temperature and dye^resistent metal, 

15 and is most preferably configured Wi:^ a jplurality of holes 
and/or openings 102 for the contemplated'''* protection of the 
lens material, but not to interfere with the stirring and. 
agitating properties of the magnetic stirrer 94* 
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1. An apparatus for the dyeing, of pl^fei eyeglass 
lens material, comprising: ' 

a thermally conductive dyeing tank for holding a 
5 dye solution and sized to receive lens material to be 

f dyed; .} ■ _ , 

• ! 

an electrical heating element in direct contact 
with the exterior ! of said dyeing tanjc; 

a sensor for detecting the t^perature of said 
10 dyeing solution within said dyeing tank; -and 

a heater control responsive ^o^said senior for 
adjusting the electrical current supplied to said 
electrical heating element to maintain a preselected 
temperature of said dye solution. 

2. The apparatus defined in Claim l, further 
comprising: 

a stirrer located within said dyeing- tank; and 

apparatus fo?: agitating said sti»#er: to disperse 

■V said dye solution j throughout said dyieing. tank. 

^° 2- apparatus defined in claim l, further 

comprising: . ^ . " 

apparatus foi maintaining a preselected level of 
said dye solution in said dyeing tank. 

4. The apparatus defined in claim i, wherein said 
25 sensor comprises a thermistor. 

5. The apparatus defined in Claim 1, wherein said 
electrical heating element comprises a silicon wrapped 
nichrome wire fixed to the outside of said dyeing tank. 
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6 . The apparatus defined in Claim ^1 , wherein said 
heater control maintains said temperaikre of V said dye 
solution within a tolerance of ± 1.5* F. ^^%'^-f^.>^^ 

7. The apparatus defined in Claim 6, wherein said 
5 tolerance is ± 

8. The apparatus defined in Claim 2, wherein said 
stirrer comprises: 

a magnetic stirrer immersed in said dye solution;^ 
and wherein said apparatus for agitating comprises: 
10 a motor-driven, rotating magnet outside of said 

dyeing tank; , . ^ 

said apparatus further comprisin^^ 

a shield separating s^iid lens .material from saicf:^ 
magnetic stirrer- 
15 9. The apparatus defined in Claim 3> wherein said 

apparatus for maintaining a preselected level comprises: 

a water reservoir in fluid communication with 
said dyeing tank; 

a detector located within said dyeing tank to 
20 sense changes in dye solution level; and 

a transfer mechanism, responsive to said 
detector,; for adding water to said dyeing tank from 
said water reservoir. 

10 A method of dyeing plastic eyeglass lens 

25 material, comprising: ^ 

providing a dye solution within a lidded 
container; 

providing a first heat input level to said lidded 
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contaxner when said container is closed, ,:ta cau^ said 
dye solution to boil within said lidded cc^tinerl 

providing a second heat input level., greater than 
said first heat input level, to said lidded container 
5 when said container is open, to cause said: dye solution 

to boil within said open container; 
I closing said^ lidded container when eyeglass lens 

material is not being dyed; and \ 

opening said' lidded container when eyeglass lens 
io material is being dyed.. 

11. A method as defined in Claim 10, 'Wherein said dye 
solution comprxses a subfetance to increase - its boiling 
point. 

12. A method as defined in Claim 11, wherein, said dye 
solution comprises between 5 percent to 50 percent of said 
substance. 

13. A method as defined in Claim 12, wherein said dye 
solution comprises between 10 percent to 30-4ercent of said 
substance. 

14. A method as Refined in Claim i:?, wherein said dye 
solution comprises ^substantially 20 ' percent of said 
substance. 

15. A method as i defined in Claim; 11, wherein said 
substance is a polyhydric alcohol. 

16. A method as defined in Claim 15, "wherein said 
polyhydric alcohol comprises glycerine. 

17. A method as defined in Claim lo, wherein said 
steps of providing a first heat input level and providing a 



wo 90/05207 r^*/uco:./v^o,, 

-17- 

second heat input level comprise applying a " first and 
second current level, respectively, "^t^a h^ter wire 
attached to said lidded contaxner. r^li^j^^u}^..^ 

18. A method as defined in Claim 10, additionally 

5 comprising: 

sensing the temperature within said lidded 

container; and 

selecting between said first heat input level and: 
said second heat input level in response to said 

10 sensing step. 

19. A method as defined in , qiaim .18 , wherein said; 
sensing step comprising immersing a •ll^^aRi.stor in said dye' 
solution. 

20. A method as defined in claim 18 wherein said 
15 selecting step comprises: 

cycling between said first heat input level arid 
said second heat input level to maintain the 
temperature of said dye solution within a 
predetermined tolerance of a preset temperature. 
20 21. A method as defined in c:Laim '20, wherein said 

tolerance is ± 0.5'F. — 

22. A method as defined in Claim 21, wherein said 
tolerance is ± 1.5'F. 

23. A method as defined in Claim 17, wherein said ' 
25 steps of providing a first heat input leyel and providing a 

second heat input level comprise decreasing and decreasing 
the on/off time for application of current to said heater 
wire. . 
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24. A method as defined in Claim 10 additionally 
comprising: . ^ _| 

automatically maintaining a predetermined level 
of dye solution within said lidded container. 
5 25. A dye bath composition for use in the dyeing of 

plastic eyeglass lens material, comprising a dye and . a 
solvent, said solvent producing a boiling poinC of said dye 
composition above 212 degrees F. . 

. 26. A dye bath composition as defined in Claim 25, 
10 wherein the concentration of said dye is in* the range of 
0.1 to 20 percent, b^sed on the total' wy.ght" of the dye 
bath composition. . ' 

27. A dye bath composition as defined in Claim 26, 
wherein the concentration of said dye is in the range of i 

15 to 4 percent. 

28. A dye bath composition .as defined iriv claim 25, 
wherein the solute" comprises a polyhydric alcohol. 

29. A dye bath composition as definei^ in Claim 27 > 
wherein the polyhydric alcohol is glycerine.. - 

30. A dye bath composition as defined in Claim 25, 
wherein the solute concentration is in the range from 1 to 
50 percent, based on I the total weight^ of the dye bath 
composition. 

31. A dye bath qomposition as defined in Claim 30, 
wherein the solute conbentration is in tke range from 1 to 
30 percent. 

32. A dye bath composition of Claim 31, wherein the 
solute concentration is substantially 20 percent. 
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